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Introduction 
Astronomy is one of the recurrent contemporary issues in the mass media where news related 
to comets, new stars, satellites, space tests, etc., frequently appear. Through this media 
presence students develop an interest in learning about aspects of astronomy. However, the 
information students gain from various sources, both inside and outside the classroom, 
doesn't often increase their knowledge about the most basic and common aspects of 
astronomy (Martinez Pena & Gil Quilez, 2001). Studies that have explored students' and 
teachers' understandings of astronomical concepts (Kalkan et ai, 2007; Trumper, 2001) have 
found many alternative conceptions relating to basic astronomical processes such as day and 
night, the seasons, gravity and the relative distances between celestial objects. 
Students' difficulties in understanding basic astronomy 
Trumper (2001) developed a 16 multiple choice questionnaire (refer to Appendix 1) that was 
administered to a total of2087 students from junior high school up to university. The students 
at university level included pre-service primary and secondary teachers. Table 1 below gives 
the percentage response to alternative conceptions from this questionnaire. The legend for 
type of student is given as: 
C - Junior high school student. 
D - Senior high school student. 
E - Future primary teachers. 
F - Future high school teachers. 
G - Non-science science university. 
Subject Alternative Conception 
Day/night Earth moves around the sun 
Moon' s phases Moon moves into Earth ' s shadow 
Moon moves into sun's shadow 
Earth dimension Overestimated 
Distances in Universe Underestimated 
Reason for seasons Earth closer to sun in summer 
Hotter in summer than winter Earth closer to sun in summer 
Earth's rotational axis flips back and 
forth 
Longest daylight in Australia June 
Sun overhead at noon Everyday 
Distance from Earth Stars closer than Pluto 
Moon 's revolution around One day 
Earth 
Moon's revolution around One day 
Sun One month 
Time difference between Greater than 6 hours 
Haifa and Beijing 
Moon's phase in solar eclipse Full phase 
Moon's rotation-same side Moon does not rotate on its axis 
visible 
Centre of universe The Sun 
Type of Student 
C D E F 
36 30 51 37 
19 27 16 25 
25 17 29 23 
91 84 91 81 
78 76 65 69 
45 33 37 32 
36 28 20 19 
20 23 31 29 
32 30 23 26 
35 36 48 44 
51 41 50 46 
23 21 22 28 
14 10 21 16 
19 14 19 18 
27 28 30 25 
74 77 71 75 
54 57 51 47 
24 21 22 23 
Table 1: Percentage response for the predominant alternative conceptions found in the 




















Kalkan et al (2007) administered the same questionnaire as Trumper (2001) to 100 pre-
service primary and secondary teachers and also found a widespread prevalence of a similar 
number of alternative conceptions as Trumper (2001). What is significant about these results 
is that not only is there the prevalence of predominant number of alternative conceptions but 
that these alternative conceptions are widespread across different education levels. This raises 
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an issue relating to the prior learning of the senior high school and university students with 
respect to the topic of astronomy. The retention of alternative conceptions in these students 
might be due to: 
• Not having been taught astronomy; 
• Having been taught astronomy by not the key ideas that underpinned the questions in 
the questionnaire; or 
• The students were reluctant to change their views when taught the scientifically 
accepted astronomy ideas. 
The alternative conceptions found by Trumper (2007) are not the only ones found in students' 
understanding of astronomy. Appendix 3 provides a list of alternative conceptions across 
broader areas of astronomy. 
Implications for the teaching and learning of astronomy 
In respect of the Victorian Essential Learning Standards (VELS) the basic astronomy ideas 
that underlie the questions in the Trumper (2001) questionnaire are described in the middle 
years levels. Given the prevalence of alternative conceptions that might be resilient to change 
in the face of direct teaching then teachers need to focus their attention on eliciting the pre-
instructional ideas of their students and then directly addressing any alternative conceptions 
that arise through student-centred activities. In other words teachers need to apply a 
constructivist approach to the teaching of astronomy (Trumper, 2001) that focuses on the 
basic ideas associated with such processes as day and night, phases of the Moon and 
explanations for the seasons. 
It is important that when teaching and learning astronomy teachers apply a multi-modal 
approach in providing explanations for astronomical behaviour and that students have the 
opportunity to apply a multi-modal approach when developing an understanding and 
communicating their understanding to others. For example, a teacher might use diagrams, 
computer simulations, physical models or role play to provide students with an understanding 
of astronomical systems. The student would be encouraged to use everyday language, model 
building or drawings to assist him/her in developing a scientific understanding of 
astronomical phenomena. 
It should be pointed out that a reliance on a single mode, text for example, may not provide 
the student with a full explanation. For example, Martinez Pena and Gil Quilez (2001) 
highlight the difficulties some students have in understanding diagrams that are given in 
textbooks to explain astronomical phenomena. Particularly when these diagrams are meant to 
be self explanatory with little accompanying text. These authors point out that often the 
diagrams are not sufficiently explanatory for students. For example, the problems associated 
with the textbook images A and B of the phases of the Moon in Figure 1 below are: 
• The Sun' s position in image B is not indicated; 
• In image A the Sun, Earth and Moon are aligned in such a way that the position of the 
full moon is the same as that which gives rise to an eclipse of the Moon; 
• In image B the phases are drawn in such a way that they are seen from the Earth. 
However it is not explained to the student that he/she is observing the drawing that 
must be imagined mentally from Earth, in order to understand it; 
• The relation between the duration of the phases of the moon and the weeks of the 
month is not explained for either image; 
• The text that accompanies the images is a mere description of the phenomenon and 
not an explanation. 
These textbooks require explanatory text that unpacks the meaning behind the pictorial 
representations given. In addition, teacher needs to assist the students in unpacking the 
meaning behind the diagrams, preferably through the use of a multi-mode approach. For 
example, the teacher might show the students a 3D model of the Earth-Moon system to show 
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how the phases occur and discuss with the students how aspects of the 3D model are 
represented in the 2D diagrammatic representation. 
A 
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Figure 1. Textbook images, A) the three bodies are aligned in such a way that the position of 
the full moon is the same as that which gives place to an eclipse of the Moon (textbook for 
students of 10 years), B) the phases are drawn in such a way that they are seen from the Earth 
(textbook for students of 12 years). (Martinez Pena & Gil Quilez, 2001, p. 1128). 
The following section describes a series of teaching and learning activities that are focused on 
the basic ideas of astronomy. It is not the intention of the author to provide a coherent and/or 
sequenced set of activities but to provide the reader with some ideas about applying a 
constructivist approach in dealing with some basic astronomical processes. The activities 
make use of a range of modes of representation to explain various astronomical processes. 
Constructivist Teaching and Learning Approaches 
Elicitation of pre-instructional ideas 
Diagnostic questionnaire As previously mentioned it is important in teaching astronomy to 
begin from where the students are at. Therefore, the teacher needs to apply some strategies by 
which he/she can get an understanding of what level of understanding the students have. 
Apart from the teacher gleaning information from the students the elicitation strategies should 
be such as to make the student explicitly aware of their own understanding, as well as the 
understandings of his/her fellow students. 
In developing any diagnostic test the teacher needs to consider what ideas he/she wants the 
students to learn - what are the fundamental ideas that underpin the proposed topic of 
astronomy to be taught. Appendix 2 provides lists of key concepts across a broad range of 
possible astronomy topics to be taught? 
In developing questions for a diagnostic questionnaire the teacher can use the list of key ideas 
(Appendix 2) as well as the list of alternative conceptions (Appendix 3). A good example of 
such a test is the questionnaire used by Trumper (2001). For each question there is one option 
that provides the scientific idea whilst the others reflect a common alternative conception 
found from the research literature. 
The rotating Earth with respect to the Sun 
Day and night Various discussions can arise through the use of a globe (Earth) and a bright 
light source such as that coming from an overhead projector. Consider the following set of 
questions as starting points for a class discussion. 
• Before showing the students a globe and a light source, ask them, "Explain how we 
get day an night?" You might get them to draw a representation of Melbourne at 
midnight. 
• What evidence do we have that the Earth rotates every 24 hours? 
• Demonstrate day/night with the use of the light source and the globe. 
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o In which direction does the Earth rotate with respect to the Sun? What 
evidence do you have to support this view? [Think about the observation that 
Western Australia is a few hours behind Victoria]. 
o [Illuminate directly the side of the Globe that contains Australia (Victoria)]. 
What time of the day is represented here? [12 Noon]. If it is 12 Noon in 
Melbourne where else on the Earth will it also be 12 Noon? Where on the 
Earth would it be 12 midnight? What about 6 pm? 
o How much of the Earth is in daylight? How much in darkness? 
o Which hemisphere receives the most sunlight? [this will depend on the 
representation given to the students]. What time of the year is represented 
here? Is the South Pole in daylight? Is the North Pole in day light? Does this 
explain why for some periods of the year the Poles are in constant darkness 
and other time in constant daylight? 
o Most globes represent the Earth as being tilted. Why are globes constructed 
this way? 
Rotation and revolution Explain the differences here - get the students to act out these two 
actions. Get the students to list everyday words that mean the same thing. For example, 
rotation can mean spin or twirl whilst revolution can mean circulate or move around. 
Animated simulations Apart from the one representation of the globe and light source to 
represent day and night students also need to investigate, discuss and construct other 
representations. For example, get them to represent midday in Melbourne in a diagram. A 
quick surf of the internet should get a number of animated simulations of day and night for 
the class to view and discuss. 
The rotation of the Earth around the Sun 
Elicitation of ideas Elicit from the students their different explanations for the reason for the 
seasons. 
The reason for the seasons Demonstrate the motion of the Earth around the Sun using a 
globe to represent the Earth and a basketball to represent the Sun. 
• Explain the significance of the maintenance ofthe tilt that is represented on most 
globes. 
• Show the orientations of the globe (Earth) with respect to the basketball (Sun) to 
represent winter and summer for observers in Melbourne. The key observation in to 
be made with this model is that the midday Sun is high on the sky on summer and low 
in the sky in winter. The diagrammatic representation shown below (Figure 2) 
provides the students with a better explanation of this view. 
Figure 2 The midday Sun is high in the sky in summer and low in the sky in winter 
• Demonstrate with a torch beam perpendicularly incident on a surface and compare 
the illuminated shape with that from a torch beam incident at a different an angle of, 
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say 45 degrees to the horizontal. The students will notice that the illuminated shape is 
far greater for, and less intense, if the light is incident at an angle that is a lot less than 
90 degrees to the horizontal. The reason for the seasons has a lot to do with the 
intensity of the incident light onto the surface of the Earth. In summer the intensity is 
greater than that in winter. 
Sun, Moon, Earth & Zodiacal Constellations 
Role play The following role-play will give the students an understanding of the relative 
motions of the Earth and Moon with respect to the Sun in addition to gaining an 
understanding of the zodiacal constellations and times during the year when they might be 
seen in the night sky. Figure 3 below shows the objects to be represented by students in the 
role play. There is a student for each zodiacal constellation (pick students who have this 
constellation as their birth sign, give each a representation of their constellation, like those in 
Appendix 4), a person to represent the sun and another person to represent the Earth. 
AquaLills ___ IQsces 
- ..... ,.,. ..... 
,.,. .......... Aries 





I ® \ ~* I 
Scorpid, Gemini ~rth " \ , 
Libr~ " 




Figure 3 Role play model of the Sun, Earth and zodiacal constellations 
Once all the students are in place discuss with the class how daytime on Earth might be 
represented in the role play. If one considers the eyes of student Earth represent an observer 
on Earth then if the student Earth is facing away from student Sun a representation of daytime 
is given. 
The role-play can be used to demonstrate and discuss with the students the following: 
• Rotation versus revolution of the Earth. 
• Day and night on Earth. 
• How the zodiacal constellations are defined as sections of the sky in which the Sun 
and Moon moves throughout the year. 
• During anyone night-time period only six of the zodiacal constellations maybe 
observed. 
• Show the connection between the time of the year in which the Earth will be located 
with respect to the Sun and the zodiacal constellations. For example, in July (birthday 
for Cancerians) the Sun will be in the same section of the sky as the zodiacal 
constellation of Cancer. When will the person be able to see hislher zodiacal 
constellation? 
• Over the period of a year all the constellations will appear in the night sky. 
Introduce the Moon to the role play. Is the moon always in the night sky? Demonstrate full 
moon and new moon. Also demonstrate how observers on Earth can only see one side of the 
Moon. This means that the period of revolution of the Moon moving around the Earth is the 
same as its period of rotation. It should be pointed out to the students that this representation 
has a limitation in that it predicts solar/lunar eclipses every revolution of the student Moon 
about the student Earth. 
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To extend the role play take out the Moon and replace it with Venus, and then Jupiter/Saturn. 
Demonstrate why Venus is called the morning and evening star. Demonstrate how 
Jupiter/Saturn moves independently of the stars over the period of months. 
Phases o/the Moon 
Elicitation of ideas about the Moon's phases The following strategy was used by Martinez 
Pena & Gil Quilez (2001) to elicit students' understandings of the explanation of the 
observations of the phases of the Moon. Students are to provide a written answer to the 
following question. 
You're in Melbourne and call afriend who is in a spaceship. You tell him to pop his 
head out of the window so that he can see the beautiful Full moon at the same time as 
you. But he answers that what he sees is a beautiful moon in its final quarter. Do you 
think that is possible? Justify your answer with the help of drawings. 
A model of the Moon's phases The following activity produces a model that demonstrates 
the phases of the Moon. Paint a shoe box black inside and out; alternatively, it could be 
covered with black cardboard. The model of the Moon is to be painted dark grey; this is the 
colour of the Moon. Suspend the Moon so it is located in the centre of the box using the wire. 
Refer to Figure 4 below for a diagram of the box. 
On one end of the box cut out a hole that suspended polystyrene ball 
is large enough for the head of a torch to 
fit through. Then, cut out small 
observation holes around each side of the 
box. Tum on the torch and observe the 
different phases of the Moon through 
peering through different porthole around 
the outside of the box. 
Figure 4 Phases of the Moon model 
Diagram of the Moon's phases Martinez Pena and Gil Quilez (2001) have suggested that 
diagrams explaining astronomical processes may not provide sufficient explanation so the use 
of diagrams explaining the phases ofthe moon as shown in Figure 5 below requires other 
supporting modes of representation. For example, students might annotate Figure 5 with text 
and sketches. 






. ~ ~ 
o Midnight () 
o Full 
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Figure 5 The Changing Shapes of the Moon (Taken from Hubber & Tytler, 2004, p. 4). 
Scale and structure of the solar system and universe 
Our place in space As an introductory activity to the topic of astronomy read the storybook 
My place in space (Hirst & Hirst, 1988). The story gives the students a sense of the structure 
and scale of the universe. After reading the storybook, discuss some of the objects found in 
space and what students know about them. Another suitable activity is to show the students an 
animation simulation called 'Powers of 10' (URL given below), where images of the universe 
are shown in a sequence of enlargements in powers of 10 from an image of quarks (10- 16 m) to 
an image of the milky way (10+23 m). 
http://micro .magnet. fsu.edu/primer/javalscienceopticsu/powersofl 01 
The scale of the Earth Moon system This activity is designed to test students' perceptions of 
the relative sizes ofthe Moon and Earth as well as their separation compared to their relative 
sizes. The key idea is the Earth is about fifty times the volume of the Moon and is thirty Earth 
diameters away. Each student will require handful of plasticine. 
Ask the students to divide the plasticine into two spheres so that one approximates the size of 
Earth and the other the size of the Moon and both are in relative proportions to the actual 
Earth and the Moon. Survey the students as to the different models produced. Record these on 
the board. 
In terms of actual volume, Earth is fifty times that of the Moon. Therefore, to approximate the 
relative sizes of Earth and the Moon, ask the students to complete the following steps: 
1. Combine the two spheres into one and roll the plasticine into a sausage shape. 
2. Divide this sausage shape into three equal parts and combine two parts back into one. 
3. Divide the third part this into two equal parts, leaving one half and adding the other 
part to the larger plasticine shape. 
4. Divide the small part into two equal parts again, leaving one half and adding the other 
part to the larger plasticine shape. 
5. Complete step 4 again. 
6. Complete step 4 again. 
This will result in one piece being 1148 th the size of the other, which is the approximately 
ratio of sizes required. Compare this model to the students' predictions. 
Using the models of Earth and the Moon (50: 1 ratio) ask the students to place them at a 
distance to represent the actual distance between Earth and the Moon. Once again, survey the 
students as to the different distances predicted. The actual distance is about thirty times 
Earth's diameter. Place the models at this distance and compare them with the students' 
estimated distance. 
Most students are amazed at the relative sizes of Earth and the Moon and their separation. The 
students should now appreciate that eclipses are rare events. Where would the nearest planet 
(Venus) be in relation to the model formed? At its closest approach, Venus is about 3000 
Earth distances away! 
Scale Models of the Solar System 
To get some idea of the true scale of the solar system, cut a circle 12 mm in diameter out of 
butcher's paper to represent Earth. Compared to this, how big is the Moon? How big is the 
Sun? (One is only 4 mm, while the other is 1.382 m in diameter.) 
Cut out the other planets to this scale as well: Mercury (5 mm), Venus (12 mm), Mars (7 
mm), Jupiter (139 mm), Saturn (115 mm), Uranus (51 mm) and Neptune (50 mm). If one was 
also to show Pluto it would be 6 mm. 
Lay the solar system down on the floor to get some idea of how the planets differ in size. 
To determine how spread-out the solar system really is, cut a circle 5.5 cm in diameter out of 
silvery paper and stick the circle at the end of a corridor or hall. Take 475 steps away from 
this circle. This is how Earth looks from the Sun. 
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Use different types of balls to put this into perspective against the other planets. 
For example: 
• Mercury is a marble and 1 m from the Sun 
• Venus is a tennis ball and 2 m from the Sun 
• Earth is a tennis ball and 2.5 m from the Sun 
• Mars is a ping-pong ball and 4 m from the Sun 
• Jupiter is a basketball and 13 m from the Sun 
• Saturn is a volleyball and 24 m from the Sun 
• Uranus is a baseball and 50 m from the Sun 
• Neptune is a baseball and 77 m from the Sun. 
Ideas about Gravity 
Gravity is the attraction of objects with mass Introduce ideas about gravity with a swiss 
ball and a toy bear (astrobear). The ball represents the Earth. Discuss with students the likely 
path of astrobear when it jumps at various points on the swiss ball Earth. Develop the idea 
that gravity is the attraction of masses, the greater the mass the greater the attraction. 
Introduce a basketball to represent the Moon. Students readily come to the view that gravity 
exists on the Moon but not to the same magnitude as on Earth. Discuss with students the 
likely path of astrobear when he jumps on the Moon. 
Moon and satellites in free-fall Imagine an asteroid flying in space towards the Earth. The 
asteroid is not in the direct path of the Earth. Simulate this scenario as the teacher, 
representing the asteroid, moving towards the Earth, represented as a basketball. If the 
asteroid is moving quickly it will veer towards the Earth, because of gravity, and move off 
into space again. If the asteroid is moving slowly it will spiral into the Earth because of 
gravity. If the asteroid is moving at a moderate speed it will continue to veer towards the 
Earth, because of gravity, and initiate circular motion. As there is no resistance in space to 
slow the asteroid it will continue to revolve around the Earth. This is the same principle 
behind the Moon revolving the Earth. Discuss with the students what would happen ifthe 
Moon were to speed up or slow down. 
Investigating Shadows 
From Victorian latitudes the Sun is always in a northerly direction to the observer. Even the 
midsummer Sun is never directly overhead but in a northerly direction. This phenomenon 
allows us to determine 'true north' by observing shadows formed by the Sun. 
Place a straight rod vertically on a flat area of horizontal ground (concrete or bitumen). When 
the Sun is at its highest point in the sky it will create the shortest shadow from a vertical stick 
placed in the ground. 
Around midday (12 midday on non-daylight 
saving time days and 10 pm on daylight 
saving time days), mark the shadow end-
points regularly over, say, a two-hour period. 
Draw a smooth curve through the shadow 
end-points to determine the closest point to 
the rod (refer to Figure 6). Then draw a line 
from this closest point to the rod. This will be 
the north-south line. This method only works 
if over the observation period the shadows 
get shorter and then get longer. Refer to the 
figure opposite. 
Figure 6 Investigating shadows 
Using this approach, how can you work out south, east and west directions? 
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Student-centred Investigations 
The following listing of research questions for students to answer may resolve a number of 
alternative conceptions. They have been taken from Skamp (2004, p. 409). 
The movement of the sun and shadow sticks 
• Is there a noon shadow? Does it change from day to day? 
• Predict where the shadow will be in x minutes. Were you right? 
• When are shadows shortest! Longest? 
• How can shadow records be used as clocks? 
• How can you find the direction from a shadow stick? 
The shape and position of the moon 
• How does the moon's shape change over a month? Two months? 
• What path does the moon take across the sky? 
The stars and planets 
• Do the stars move? Are the stars in the same place from night to night? 
• Do all stars look the same? If not, how do they differ? 
• Can you find direction using the stars? 
• Is it possible to see planets with the naked eye? 
Conclusion 
The topic of astronomy represents a curriculum area of interest for students. However, 
research into students' understandings of basic astronomical concepts indicates that they often 
develop several alternative conceptions that are resilient to change in the face of direct 
teaching. Therefore teachers need to apply constructivist teaching and learning approaches 
that in initially elicit students' pre-instructional understandings and adopt strategies to directly 
address any alternative conceptions that are found. Importance needs to be placed in adopting 
a multi-modal approach that draws on a range of representations to explain astronomical 
behaviour. 
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Appendix 1 
Questionnaire -- The Earth and the Universe 
Trumper (2001, p. 29) 
1. What causes night and day? 
A. The Earth spins on its axis. 
B. The Earth moves around the Sun. 
c. Clouds block out the Sun's light. 
D. The Earth moves into and out of the Sun's shadow. 
E. The Sun goes around the Earth. 
2. The diagrams here show how the Moon appeared one night, and then how it appeared 
a few nights later. What do you think best describes the reason for the change in the 
Moon's appearance? 
One Night Few nights later 
A. The Moon moves into the Earth's shadow. 
B. The Moon moves into the Sun's shadow. 
C. The Moon is black on one side, white on the other, and rotates. 
D. The Moon moves around the Earth. 
3. If you used a basketball to represent the Sun, about how far away would you put a 
scale model of the Earth? 
A. 30 cm or less. B. 1.5 meters. C. 3 meters D. 7.5 meters. E. 30 meters. 
4. As seen from your home, when is the Sun directly overhead at noon (so that no 
shadows are cast)? 
A. Every day. 
B. On the day of the summer solstice. 
C. On the day of the winter solstice. 
D. At both of the equinoxes (spring and fall). 
E. Never from the latitude of your home. 
S. Give the best estimate of the Earth's diameter from among the following numbers: 
A. 1,500 km. B. 15,000 km. C. 150,000 km. D. 1,500,000 km. E. 15,000,000 km. 
6. The main reason for it being hotter in summer than in winter is that 
A. The Earth is closer to the Sun in summer. 
B. The Earth is farther from the Sun in summer. 
C. The Earth's rotational axis flips back and forth as the Earth moves around 
the Sun. 
D. The Earth's axis points to the same direction relative to the stars, which is 
tilted relative to the plane of its orbit. 
E. The Sun gives off more energy in the summer than in the winter. 
7. Which of the following lists shows a sequence of objects that are closest to the Earth 
to those that are farthest away? 
A. Moon Stars Pluto. 
B. Pluto Moon Stars. 
C. Stars Moon Pluto. 
D. Stars Pluto Moon. 
E. Moon Pluto Stars. 
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Choose your best estimates of the times for the events listed. 
8. The Moon to go around the Earth: 
A. Hour. B. Day. C. Week. D. Month. E. Year. 
9. The Moon to go around the Sun: 
A. Hour. B. Day. e. Week. D. Month. E. Year. 
10. Beijing is 90" east of Haifa. If it is noon in Haifa, in Beijing it would be about: 
A. Sunrise. B. Sunset. C. Noon. D. Midnight. E. Noon the next day. 
11. In order to have a total Solar eclipse, the Moon must be at what phase? 
A. Full. B. New. e. First quarter. D. Last quarter. 
12. When you observe the Moon from the Earth, you always see the same side. This 
observation implies that the Moon. 
A. Does not rotate on its axis. 
B. Rotates on its axis once a day. 
e. Rotates on its axis once a month. 
13. According to modem ideas and observations, which of the following statements is 
correct? 
A. The Earth is at the centre of the Universe. 
B. The Sun is at the centre of the Universe. 
e. The Milky Way Galaxy is at the centre of the Universe. 
D. The Universe does not have a centre in space. 
14. The different seasons that we experience every year are due to: 
A. The varying distance between the Sun and the Earth. 
B. The varying distances between the Earth, Moon and Sun. 
e. The tilt of the Earth's axis as it revolves around the Sun. 
D. Varying degrees of atmospheric pollution which dilute the Sun's rays. 
15. When is the longest daylight period in Australia? 
A. March. B. June. e. September. D. December 
16. Two grapes would make a good scale model of the Sun and a close star, if separated 
by 
A. 0.5 meter. B. 1 meter. C. 100 meters. D. 1.5 kilometer. E. 150 kilometres. 
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Appendix 2 
Concepts of Astronomy (Taken from Hubber, 2004, p. 1) 
The Earth 
• The Earth is (approximately) spherical. 
• 'Down' refers to the centre of the Earth (in relation to gravity). 
Day and night 
• Light comes from the sun. 
• Day and night are caused by the Earth turning on its axis. (It should be noted that 
'day' can refer to a 24-hour time period or the period of daylight; the reference being 
used should be made explicit to students). 
• At anyone time half of the Earth's shape is in sunl ight ( day) and half in darkness 
(night). 
The changing year 
• The Earth revolves around the sun every year. 
• The Earth's axis is tilted 23.5 degrees from the perpendicular to the plane of the orbit 
of the Earth around the sun. The earth's tilt is always in the same direction. 
• As the Earth revolves around the sun its orientation in relation to the sun changes 
because of its tilt. 
• The seasons are caused by the changing angle of the sun's rays on the Earth's surface 
at different times during the year (due to the Earth revolving around the sun). 
The Earth, Moon and Sun 
• The Earth, moon and sun are part of the solar system, with the sun at the centre. 
• The Earth orbits the sun once every year. 
• The moon orbits the Earth in one lunar month (about 28 days). The moon is the 
Earth's only natural satellite. 
• The moon tum on its axis at a rate that means we always see the same face. 
• The moon orbits the Earth at an angle to the plane in which the Earth and sun are 
located. 
The phases of the moon and eclipses 
• The moon is visible because it reflects light from the sun. 
• The sun always illuminates half of the moon's sphere. 
• The moon appears to change shape (its phases) each month because we see different 
amounts of the illuminated surfaces of the moon at different times each month due to 
the relationship between the positions of the Earth, sun and moon at a particular time. 
• The phases of the moon occur in a regular pattern. 
• Eclipses occur in two ways: when the earth lies between the sun and the moon 
causing a shadow - full or partial - over the moon (that is a full or partial eclipse), or 
when the moon lies between the Earth and the sun and casts a shadow - full or partial 
- over part of the Earth (that is, a full or partial solar eclipse). These occur regularly. 
The solar system and stars 
• Stars emit light. The sun is a star. The sun emits light. 
• The sun is the centre of the solar system and is the only body in the solar system that 
emits light. 
• The sun is the solar system's main source of energy. 
• The planets orbit the sun. Some planets, other than the Earth, have their own moons 
(natural sate llites ). 
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• The planets are great distances from the Earth, but relatively much closer than the 
stars, apart from the sun. 
The universe 
• The solar system is only a small component of one particular galaxy, the Milky Way, 
which is made up of millions of stars. 
• Even the nearest stars (apart from the sun) are gigantic distances away compared to 
the planets. 
• The universe (which is everything that exists) is comprised of countless galaxies. Our 
galaxy, the Milky Way, is not the centre of the universe. 
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Appendix 3 
Alternative Conceptions of Astronomy (compiled from Hubber, 2004, p. 4; 
Barker, 2000, p. 1-3) 
The Seasons and the Earth 
• The seasons are caused by the elliptical orbit of the Earth. When the Earth is closest 
to the Sun it is summer. 
• Summer occurs when the Earth is tilted towards the Sun and is therefore closer to it. 
• The Seasonal Effects are the Result of the Earth's Axis Flipping Back and Forth 
• A Leap Year Occurs Every Four Years. 
The Moon 
• The Moon is not in free fall. 
• The Moon gives off its own light. 
• The Earth blocks the sun's light, casting a shadow on the moon. 
• The different shadow effects are due to the Earth's tilt, its rotation or its revolution 
around the sun. 
• The amount of light reflected off the Earth onto the moon causes the changed shapes. 
• The side of the moon reflecting the sun's light affects the shapes. 
• The Phases of the Moon are caused by the Moon going into the Earth's Shadow 
• The Moon has a Hemisphere in Perpetual Darkness called the Dark Side 
• The Moon Does Not Rotate 
• The Moon has no Gravity 
• The Moon Appears Larger on the Horizon than when it is High in the Sky 
• The Blue Moon is really Blue 
• The Surface of the Moon is very Reflective 
Gravity 
• The force that acts on an apple is not the same one that acts on the Moon. 
• The gravitational force is the same on all falling objects. 
• There are no gravitational forces in space. 
• The gravitational force on the Space Shuttle is nearly zero. 
• The gravitational force acts on one mass at a time. 
• Moon stays in orbit because the gravitational force on it is balances by the centrifugal 
force. 
• There is no gravity in a vacuum. 
• The Earth's spinning motion causes gravity. 
• Gravity only acts on things that are falling. 
• Free falling objects can only move downwards. 
Comets, Meteors, Meteroites and Meteroids 
• Meteors fall to the Earth. 
• Comet's tails are created as comets burn up passing through the Earth's atmosphere 
• Comets only appear to have long, fiery tails; this is due to their speed and/or that they 
are really ball-shaped. 
• Comets are made up of gases and/or dust (these gases are stated or implied to be 
burning). 
Space travel 
• Spacecraft travel in straight lines from one planet to another. 
• Spacecraft can be launched anytime to travel from one planet to another. 
• Spacecraft are not affected by the Sun. 
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• Jets can fly in space. 
• Weightlessness means there is no gravity. 
• Rockets need something (like air) to push against. 
Stars and outer space 
• Stars reflect light from the sun 
• Stars are planets. 
• Stars seem to have points because they are a long distance from us. 
• The composition of stars explains the points, for example, burning balls of hydrogen 
whose flames appear as points. 
• Space is not something 
• Black holes are big. 
• Light always travel in straight lines. 
• Things in space make sounds. 
• If the Sun were to become a black hole, the Earth would get sucked into it. 
Tides 
• Tides are caused by the moon orbiting the Earth every 24 hours 
• There is only one high and one low high tide each day 
• The elliptical orbit of the moon around the Earth causes the tides; when the moon is 
closer to the Earth it is high tide. 
• High tides occur when the moon is visible (maybe only at night) 
• High tide occurs on the opposite side of the Earth to the low tide. 
• The Sun has no effect on the tides. 
The planets 
• The morning and evening star is not equated with the planet Venus, but is believed to 
be a star. 
• Planets give out their own light 
• The planets contain dust and rocks and a gaseous atmosphere and water 
• The planets are all similar in structure to the Earth. 
• Planets orbits are circular. 
• All the planets revolve about the sun with the same period. 
• Revolution is the same as rotation. 
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